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There has been a lot of interest in lll-V long wavelength detectors in the A. = 8 - 
12 pm spectral range as alternatives to HgCdTe. 1 ’ 6 Recently high performance 
quantum well infrared photodetectors (QWIP) have been demonstrated. They have a 
responsivity of R = 1 .2 A/W, and a detectivity Dx = 2xl0 10 cm Hz 1/2 / W at 68 K for a 
QWIP with a cutoff wavelength of X c -= 10.7 pm and a R = 1.0 A/W, and Dx = 2x1 O 10 
cm Hz 1/2 / W at T = 77 K for X c = 8.4 pm. These detectors consist of 50 periods of 
MBE grown layers doped n = IxlO 18 cnrr 3 having GaAs quantum well widths of 40 A 
and barrier widths of 500 A of Al x Gai- x As. 

Due to the well-established GaAs growth and processing techniques these 
detectors have the potential for large, highly uniform, low cost, high performance 
arrays as well as monolithic integration with GaAs electronics, high speed and 
radiation hardness. 

Our latest results on the transport physics, device performance and arrays will 
be discussed. 
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MATERIAL FOR 10 |xm DETECTORS 

HgCdTe DETECTORS 

• DIFFICULT GROWTH AND PROCESSING TECHNOLOGY 

• POOR UNIFORMITY OF ARRAYS 

• LOW QUALITY CdTe SUBSTRATES 

GaAs DOPED QUANTUM WELL DETECTORS 

• PERFORMANCE COMPARABLE TO HgCdTe 

• MATURE GROWTH AND PROCESSING TECHNOLOGY 

• EXCELLENT 3” GaAs SUBSTRATES 

• MONOLITHIC INTEGRATION WITH GaAs ELECTRONICS 


MONOLITHICALLY INTEGRATED 
GaAs QUANTUM WELL DETECTOR ARRAY 
AND IMAGE PROCESSING ELECTRONICS 

GaAs ROW 
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PROCESSING GaAs FET 
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VERTICALLY INTEGRATED 
GaAs QUANTUM WELL 
INFRARED SPECTROMETER 
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INFRARED RADIATION 
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RESPONSIVITY R (A/W) NORMALIZED RESPONSIVITY, 
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DARK CURRENT (A) 
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DARK CURRENT CALCULATION 
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DARK CURRENT, I d (A) 



BIAS VOLTAGE, V b (V) 
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\ c = 10^7 [i m 
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D* = IX 10 10 cm-y/Hz" /W 
T = 68 K 


X c = 10 ii m 


D*(theory) > lO 1 ^ cm^/Hz /W 


T = 77 K 



RESPONSIVIT Y (A/W) 
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WAVELENGTH X (|im) 
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NORMALIZED RESPONSIVITY 
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RESPONSIVITY (A/W) 
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NOISE CURRENT (pA) CURRENT (A) 
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NOISE EQUIVALENT 
TEMPERATURE CHANGE 


NEAT = 
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DB(dPB/dT)3in 2 (0/2) 
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Af = 60 Hz 


f/2 optics ( 9/2 = 14 0 ) 
D* = lXlO lo cm N /Hi'/W 


NEAT = 0.01 K 
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NEAT (K) 


ARRAY NONUNIFORMITY 


To Obtain Background Limited Array Performance 
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U = uniformity 
N = number of photoelectrons 

N = 10 6 =* U < 0.1% 


T&XU 

(NEAT)u = -ij- 

Tp = 295 K, X = 10 pm, U = 0.1% 


(NEAT)u = 0.06 K 
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64 X 64 ARRAY 50 PIXELS 



ORIGINAL PAGE !S 
OF POOR QUALITY 




Conclusions 


• Demonstrated detectors having X c = 4—13.5 pm 

• Spectral width Av/v = 13% — 36% 

• Dbb = IX 10 10 cmy / Hz~/W T = 68 K X c = 10.7 pm 

• Dbb = 3Xl0 10 cm>/Hz /W T = 77 K X c = 8.4 pm 

• Dbb = IX 10 13 cm-y/Hz /W T < 40 K X c = 10.7 pm 

• D* sufficiently large (arrays uniformity limited) 

• Calculated dark current (thermionic, tunneling) 

• Hot electron continuum transport resonances 

• High speed r < 200 psec 

• Optical gain 

• Graded barrier tunable spectral response 

• Demonstrated grating detectors 

• High uniformity 

• Large arrays 

• Camera demonstration 
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